ATER is one of the most important sources of economic development. In order to maintain living conditions, attention must be paid to water quality management, water pollution control and environmental protection. The pollution of the Nile river has increased recently due to population growth, economic development and related human activities. Egypt is among the 10 countries that will suffer from water scarcity by 2025 due to rapid population growth. This study aimed at the assessment of water quality according to drinking, agriculture and aquatic life purposes in El-Sinbellawein city and some of belonging villages, at Dakahlia governorate, Egypt. The water quality indices are an attempt to represent overall quality of water. Assessment of water quality for treatment plants under study according to drinking and aquatic life purposes was carried out using weighted arithmetic method of water quality index (WQI). Physico-chemical parameters of different water treatment plants at different locations were analyzed before and after water treatment and the obtained values were used for calculation of Water Quality Index (WQI). The values of WQI showed that the water is unsuitable in some treatment plants and excellent in another for drinking and aquatic life. Sodium adsorption ratio (SAR), percent sodium (Na %), residual sodium carbonate (RSC), Kelly Index (KI) and magnesium ratio (MR) were also calculated by using major anions and cations values to assess suitability of water for irrigation. The results indicated that all treatment plants under studying were classified from suitable to excellent for irrigation purposes. The study was extended also to include assess of water pollution by metals (Cd ) via calculation of Metal index (MI) and pollution index (PI). The results indicate that there is no effect of metals in the case of water use for agricultural purposes, whereas for drinking and aquatic life, all measured metals except Zn 2 + and Ni 2 + show different degrees of contamination. The wastes should be treated before disposing and dumped to suitable sites, to protect the water quality from deterioration and maintain its quality.
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Causes of Water pollution in Dakahlia.
Owing to industrial and agricultural activities large amounts of untreated urban municipal, industrial wastewater and rural domestic wastes discharge into the Nile River, canals or agricultural drains [16] . Water contamination is the most dangerous hazards affecting Egypt. Pollution of water in Dakahlia Governorate has increased because of increases in population; industrial in the cities, agricultural activities in the villages and other new projects [17] . Domestic and industrial activities produce pollutants induce considerable changes in the physical and chemical properties of the Nile River and its canals. The heavy metals are the most important one of these pollutants [18] . Heavy metals have toxic effects on living organisms [19] .
Materials and Methods

Studied area
This paper is concerned with the surface water in El-Sinbellawein city, some of its village, and Mit-Khamees village at El-mansoura, Dakahlia, Egypt. EL-Sinbellawein City is located in the south east of Dakahlia Governorate. It is bordered to the north by Mansoura, is bordered the south Diarb Najm in Eastern, Tami Amadeed from the eastern side, and Aja at the western side. Dakahlia Governorate is considered the base of the Nile Delta; It is located in the northeast of Nile Delta in Egypt between these coordinates 30.5 ° -31.5 ° N, and 30 ° -32 ° E as shown in Fig. 1 . Dakahlia has a mild climate that tends to be warm in winter with some rain that increases on the coasts, and is hot in summer; where the average annual temperatures range from 14 -28 o C. Figure 1 shows sites of surface water treatment plants under study and the location of EL-Sinbellawein city at Dakahlia Governorate.
Collection and analysis of water samples
Eighteen surface water samples of different nine locations in El-Sinbellawein city, some of its villages, and Mit-Khamees village at EL Mansoura city were collected seasonally (2017-2018) by plastic bottles from input (raw water) in treatment plants 1, 2, 3, 4, and 5, and from output (treated water) in treatment plants 6, 7, 8, and 9, ( Table 1) .
Water temperature, electrical conductivity and pH value were measured in situ. The pH value was measured using a calibrated pH meter (Hanna instrument HI 8519 N). The electrical conductivity, total dissolved (TDS) and temperature were measured using Con. TDS. °C meter (Cyber Scan 200 CON). Then the water samples were kept in polyethylene bottles in ice box and transported to the laboratory for further analysis. The methods of analyses are discussed in the American Public Health Association (APHA, 2012). For analysis, all the instruments were calibrated appropriately according to the commercial grade calibration standard prior to the measurements. Total solids (TS) were measured by evaporating a known volume of well mixed sample at 105°C. TSS is direct obtained by subtracting TS from TDS. Dissolved oxygen (DO) was measured by using DO meter (HACH 40 D). Biochemical oxygen demand (BOD) was determined by using the 5 days method. Chemical oxygen demand (COD) was carried out using the potassium permanganate method. Turbidity was measured using turbidity meter (potable water analysis instrumentation (HACH). The determination of sodium (Na) and potassium (K) concentration was made by the flame photometer model 410, England. Chloride was measured using Mohr's method and sulfate by turbid metric method. Titrimetric methods were used for the determination of total hardness (TH), Calcium hardness (CaH) as CaCO 3 , and Zn 2+ were measured after digestion by conc. HNO 3 using an atomic absorption reader (Savanta AAS with GF 5000 Graphite Furnace). Concentrations of NO 2 -N, NO 3 -N, NH 4 -N, and PO 4 -P were determined using colorimetric techniques with the formation of reddish purple azo-dye, copper-hydrazine sulfate reduction, phenate, and ascorbic acid methods, respectively. Total phosphorus (TP) was measured as reactive phosphate after per sulfate digestion.
Estimation of Water quality index
Water quality index (WQI) is defined as a technique of rating that provides the composite influence of individual water quality parameter on the overall quality of water [21] . The suitability of water quality of surface water treatment plants under consideration has been evaluated by calculating WQI using the weighted arithmetic water quality index method, which classifies the water quality according to its degree of purity using the most commonly, measured water quality variables. The calculation method of WQI was developed by Brown et al. [22] , and many scientists have been used this method widely [23] . The mathematical formula of this WQI method is given by: 
, where Qi is the sub quality index of i th parameter (or Qi is the quality rating scale of each parameter), W= weight unit of each parameter, n = number of parameters, V i = measured value of i th parameter, S i = standard permissible value of i th parameter, V o = ideal value of i th parameter in pure water, V o = zero for all parameters except for pH = 7.0 and DO = 14.6 mg/L [24] .
Calculation of unit weight (Wi)
Wi for various water quality parameters are inversely proportional to the recommended standards for the corresponding parameters Wi 1S i , or Wi = KS i , where K is the proportionality constant of the ''Weights'' for various water quality characteristics:
Estimation of SAR, Na %, KI, RSC, and MR
Sodium Adsorption Ratio (SAR) [25] , Percent Sodium (Na %) [26] , Kelly Index (KI) [27] , Residual Sodium Carbonate (RSC) [28] , and Magnesium Ratio (MR) [29] values were calculated by using the equations 1, 2. 3, 4, and 5, respectively:
Estimation of Metal quality index (MI)
The metal contamination of surface water under study has been determined using two different quality indices:
(i) Pollution index (PI): can be calculated by the following equation [30] :
Ci: the concentration of each metal; Si: metal level according to national water quality criteria.
(ii) Metal index (MI) is based on a total trend evaluation of the present status. The higher the concentration of a metal compared to its respective MAC value, the worse the quality of the water. MI value >1 is a threshold of warning [31] . According to Tamasi and Cini, [32] , the MI is calculated by using the following formula:
Ci: the concentration of each element, MAC: maximum allowable concentration.
Results and Discussion
Assessment of physical and chemical parameters
The physicochemical parameters of the surface water quality data were statistically analyzed and the results were recorded in Table  2 in the form of range, mean and standard deviation.The temperature describes the natural condition of the surrounding mountains [33] and it is basically important for its effects on certain chemical and biological reactions taking place in water and aquatic organisms [34] . The values of pH ranged from 7.2 to 7.8, and indicate alkaline water in all treatment plants, with a significant difference between the sites (probability value or p < 0.01). There are high positive correlations between pH and DO, HCO 3 -, and CO 3 2-(r = 0.868, 0.98, 0.744, respectively). DO, BOD and COD were varied in the ranges of 2.6 -5, 0 -24 and 0 -38 with significant local and seasonal variations (probability value or p < 0.01). There is no BOD in treatment plants 6, 7, 8, and 9, where the water samples were collected from outputs (treated water) of these treatment plants, so the microorganisms not present. Therefore, DO was recorded as the highest values in treatment plants 6, 7, 8, and 9 as a result of not present BOD; this result was found in good agreement with Fatoki et al., [35] . The high values of COD were recorded at treatment plants 1, 2, 3, 4, and 5 during summer season, can be attributed to the discharge effluent from Industrial pollution [36] . The high values of COD and BOD might due to the decomposition process of organic matter by microbes consuming oxygen [33] . The basic nutrients show highly temporal significant differences (p < 0.01), and ranged between 0.00 -0.1mg/L, 0.36 -1.4mg/L, 0.00 -1.51 mg/L, 0.022 -0.321mg/L, and 0.10 -0.6 mg/L for nitrite, nitrate, ammonia, orthophosphate, and total phosphorus, respectively. The high values of nutrients were observed in treatment plants 1, 2, 3, 4, 5 and 8 due to the discharge effluents result from Fertilizers Company, industrial and domestic waste [33] . The increasing of ammonia content in river water is an indication of pollution [37] . The values of turbidity were ranged from 0.00 to 17 NTU in winter season and from 0.00 to 23 NTU in summer season. The lowest values of turbidity were recorded in treatment plants 6, 7, 8 and 9 , where the water samples were collected from output of these treatment plants (or treated water). Turbidity is highly positively correlated with TSS (r = 0.932). TS, TDS and TSS were varied in the ranges of 242 -351, 235 -345 and 0.00 -22 mg/L, respectively. ANOVA results show significant difference of solid content between different seasons and locations. Treatment plants 2, and 4 were recorded low values of TSS although the turbidity values for these treatment plants were observed to be high values, this means that TSS is not always followed by the turbidity linearly, since the measurement of turbidity based on the remaining amount of light after absorbed by the materials contained in the water (both suspended and dissolved), while TSS relies on the weight of the residue (after the water evaporated) from materials contained in the water as a suspension. Rainfall will result in decrease the TSS due to dilution which occurs in river water [37] . Electrical conductivity (E.C) was varied in the range 315 -457S [39] . Sodium and potassium were ranging from 16 to 23 and 6 to 10mg/L, respectively with a significant variation between sites and seasons (p < 0.01); this result is in agreement with the result obtained by Goher et al. [16] . [16] and Ibrahim et al., [40] . The increase of heavy metal concentrations in the water may be attributed to the liberation of heavy metals from the sediment to the overlying water under the effect of both temperature and organic matter decomposition due to the fermentation process [40] . Table 2 shows the water quality standards according World Health Organization [41] and Egyptian Ministry Health [42] used in the computation of the water quality index (WQI) for drinking of surface water under study. Protection of aquatic life was computed using guidelines of Canadian Council of Ministers of the Environment [43] . The classifications of WQI are represented in Table 3 .
Suitability of water for drinking and aquatic life via WQI
The selected parameters for the calculation of WQI according to drinking water include, pH, TDS, BOD, COD, DO, NH 3 -N, NO 3 -_ N, TP, Cl -, SO 4 2-, Ca Table 4 and Fig. 2 .
According to drinking water quality standards (Table 4) . Thus, Table 3 shows that the quality of surface water under study was classified according to drinking water quality standards and aquatic life guidelines as unsuitable, very poor and poor water for treatment plants 1, 2, 3,4 and 5, while it was classified from good to excellent water for treatment plants 6, 7, 8 and 9, this is because the samples were taken from the output (or after treatment) at these treatment plants. Table 5 shows Classification of water based onNa (%), SAR, RSC, KI, and MR values.
Suitability of water for irrigation
To assess the suitability of water for irrigation, SAR, % Na, RSC, KI, and MR values were calculated by using major anion and cation values and according to equations 1, 2, 3, 4, and 5. As shown in Tables 5, 6 , %Na values for treatment plants 1, 2, 3, 7, 8, and 9 lower than 20, and were considered as excellent for irrigation in summer season, while the remaining treatment plants were good for irrigation (%Na > 20) . But in winter season, all treatment plants were considered as good category for irrigation except treatment plant 7, which was considered excellent. According to KI, SAR, MR, and RSC values, all water treatment plants under consideration were considered as suitable and good for irrigation in winter and summer seasons.
Assessment of the metal pollution according to pollution Index
PI is categorized into 5 classes (Table 7) .
In this research, seven metals were selected to evaluate the metal contamination of surface water, according to the pollution index, and depending on individual metal calculations. These metals are, Fe , and Zn
2+
. Table 8 shows the values of PI for drinking, drinking and aquatic life at all treatment plants.
Assessment the degree of metal pollution via metal index
Also, a metal index was used to estimate the degree of metal contamination of surface water under consideration when used for different purposes. According to metal index values (Table  9) , all selected treatment plants under study are seriously threatened with metal pollution for drinking, and aquatic uses (MI >1) in winter and summer seasons. On the other hand, no effect on using water for irrigation purposes at all treatment plants in winter and summer seasons (MI < 1), except treatment plant 3 in summer season which suffer from slightly effect (MI > 1).
Conclusion
Surface water is considered the most important source of drinking, irrigation and aquatic life in all cities and villages of Dakahlia governorate. But it exposed to deterioration in its quality due to different wastes that discharge into the water. The aim of this research is to assess the state of surface water before and after treatment, and determine the quality and suitability of the water for drinking, agriculture and aquatic life purposes. The results showed that the concentrations of turbidity, BOD, COD, ammonia, and nitrite are greater than the recommended levels for drinking water at treatment plants 1, 2, 3, 4, and 5. The concentrations of cadmium and lead at all treatment plants are greater than the quality standards for drinking water. Also, iron content in treatment plants 4,5,7,8 and 9 is greater than the maximum permissible limit. The WQI values show that the water quality of treatment plants 1, 2, 3, 4, and 5 is classified as unsuitable for drinking and aquatic life utilizations, while the water quality of treatment plants 6, 7, 8 and 9 is classified as excellent. SAR, % Na, RSC, KI, and MR values showed that all treatment plants under study were classified from suitable to excellent for irrigation purposes. The values of Metal index (MI) and pollution index (PI) show that all measured metals except Zn 2+ and Ni
2+
, exhibit different contamination grades for drinking and aquatic life in the water of treatment plants under study.
